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CHAPTER I
INTRODUCTION
I. THE PROBLEM
The human body Is constantly Invaded with threats
to Its equilibrium. One of the most common acute stressors
arising outside of the body is environmental. The climatic
stress imposes strains on two important physiological
parameters, temperature regulation and cardiovascular
function.
A tremendous amount of research has been completed
concerning the effects of environmental stress on man. Very
little research, however, has been completed concerning the
effects of radiant heat on the working capacity of man. It
is the purpose of this paper to discuss the effects of
environmental stress on man's performance ability while
fighting forest fires.
Heat stress is considered to exist whenever,
despite vasomotor adjustment, metabolic heat production
exceeds the combined losses by radiation and convection (2).
A primary concern is the quantification of heat stress.
Belding and Hatch (2) stated that there is no satisfactory
system for grading heat stress in terms of probable strains
or consequences of exposure. The difficulty lies in the
1
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number of "basic factors; air temperature, temperature of
solid surroundings, temperature of the skin, vapor pressure,
pressure at the skin, environmental vapor pressure, air
speed, body heat production, body surface area and postural
attitude, and clothing. However, Brouha, Smith, and
Maxfield (6) stated that heat stress can be satisfactorily
assessed by measuring pulse-rate and body-temperature
variations. The results of a study by Brouha et ad. (5)
confirmed the superiority of heart rate over oxygen con
sumption as an indicator of physiological strain in the
heat. Glafka (14) stated that the pulse rate was the most
predictable measure of physiological strain produced in men
working in hot-dry environments.
In the summer of 1968 a study was undertaken in the
Flathead National Forest to determine the effect of heat on
the work capacity of men engaged in submaximal work tasks.
The study was not completed due to environmental factors,
such as rain and low temperature readings; however, it did
lead to the present study. The present study involved a
study of the effects of environmental stresses on men engaged
in submaximal work tasks on the fire line. The following
studies indicate the effects that high temperature and
humidity have on men. Bell et

(3) found that in

creasing temperatures reduced the time subjects could stay
in a climatic chamber. It was also found that the working
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exposure was shorter than the standing exposure. Wells (28)
found that when external temperatures Increased, the heart
rate and body temperature increased. Grose (l6) found that
Increasing temperature did not affect Initial strength but
did cause a 34 per cent Increase in the rapidity of fatigue.
Garden (12) found that the plasma histamine concentration
Increased significantly during exercise in hot environ
mental conditions. Snellen (24) found that brick-kiln
workers, working for a few minutes in a very hot environ
ment, then changing to a cool environment, were still able
to maintain thermal equilibrium over a relatively long
period of time. lampletro and Goldman (18) found that the
upper limits of heat tolerance are dry bulb 95 degrees F
and wet bulb 90 degrees F while working at a caloric
expenditure of 350 kcal per hour for three hours.
Another concern in discussing the effect of climatic
stresses on men engaged in fire fighting would be heat
acclimatization. Heat acclimatization to the high environ
mental temperatures is essential for maximum performance,
Strydom and Williams (25) concluded that physical training
in cool environments did not substitute for heat acclima
tization. Strydom et al. (26) concluded that training
cannot replace acclimatization although it may Improve
performance.
Most research projects have Involved men working
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under extremes of temperature and humidity. More research
is needed on the added effects of radiant heat. This study
was conducted in the field where it was impossible to control
the environmental factors. It was designed to produce fire
line data, with special attention placed on the effects of
radiant heat. In the course of this study it was hypothesized
that with higher WBGT values more physiological strain is
produced in man and that the level of physical fitness is
related to the work capacity of man.
Statement of the Problem
The purpose of this study was to investigate the
effects of environmental stressors, with special emphasis
upon radiant heat, on men engaged in submazimal work tasks
on the fire line; to relate working heart rate to WBGT values ;
to relate physical fitness to work capacity; and to relate
a variety of environmental factors to fire line work
capacity.
Limitations of the Study
1. Only the pulse rate was recorded. No attempt
was made to determine rectal temperature, sweat rate, effect
of clothing, or any other physiological measure.
2. It was impossible to control the subjects'
activities before and during the fire.
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3. It was Impossible to control the environmental
factors in the field.
II. DEFINITION OF TERMS
The following terms are defined as they were used
in this study:
Physiological strain: The change in the homeotherm brought
about by environmental and physical stress, the alteration
in physiological function to maintain temperature, and the
degree to which the change is effective (8).
Radiant heat: The temperature radiated by the sun, fire,
objects, and surfaces in the environment which exceed the
globe surfaces in temperature and measured by a black globe
thermometer.
Mop-up: A work task performed by firefighters to cool down
the ashes and hot-spots after the fire has been controlled.
Stress: It is the adaptative physiological response of the
human organism to internal and external forces and events
which disturb the homeostatic balance of the individual (27).
WBGTi

It is a heat stress index which stands for wet bulb

globe temperature.

CHAPTER II
REVIEW OP RELATED LITERATURE
I. HEAT TOLERANCE
In fire fighting, as well as other occupations, it
is important to know the safe exposure time in relation to
climatic severity. Bell and Walters (4) studied the
physiological reactions of thirty-one unacclimatized young
men exposed to hot and humid environments. The temperature
ranged from 37*5 degrees C dry bulb/33.9 degrees C wet bulb
to 53*0 degrees C dry bulb/48.3 degrees C wet bulb with an
air speed of 102 cm/second. Subjects worked continuously
during exposure at an estimated 280 kcal/hour until a state
of imminent heat collapse was attained. Criteria chosen
as guides for imminent heat collapse were a) the appraisal
of a subject's condition by experienced observers in the
light of information about the subject's oral temperature
and pulse; b) the inability of a subject, even with
encouragement, to avoid persistent mouth breathing and/or
gasping! c) a demonstration of a subject's failure, even
with encouragement, to prevent loss of his step-climbing
rhythm and a loss of motor control which resulted in
staggeringI and d) the subject's experience and knowledge
of his own sensation. In the climatic chamber, each
subject stepped on and off a 22.9 cm stool in response to
6
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a light flashing 12 times per minute. Measurements of
pulse rate and oral temperature were made at frequent
intervals before, during, and after exposures. It was
found that the safe exposure times in relation to climatic
severity were from 52.9 minutes at the lowest temperature
and 5*9 minutes at the highest temperatures. Safe exposure
was defined as that time within which only five per cent
of a population represented by the men studied should
reach a state of Imminent heat collapse or within which
each man would have only a five per cent probability of
reaching a state of Imminent heat collapse.
II. HEAT ACCLIMATIZATION
Of great importance in fire fighting is the
phenomenon of heat acclimatization. Heat acclimatization
has been found to increase man's ability to function in
the heat.
Allan (1) studied the effects of vigorous physical
training, in a temperate and hot climate, on the physiological
responses to heat stress. The 108 soldiers were divided
into two groups. One group was trained in a hot climatic
chamber, the other at ambient environmental temperatures.
Both groups were given three hours of dally physical
training for fourteen consecutive days (except for one
rest day). The three hour training periods were divided
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Into approximately five one-half hour exercise periods with
five to ten minute rest intervals. A high temperature of
101 degrees P was chosen for the group in the hot climatic
chamber. A lowering of body temperature and pulse rate and
an increase in sweating was shown by the group trained
in hot conditions, there being no increase in sweating in
the other group. In the absence of an increase in sweating,
the pulse rate in this group was attributed to an increased
cardio-vascular capacity for heat transport brought about
by intensive physical training. The lowering of the body
temperature and the pulse rate response shows that intensive
physical training in a temperate environment induces a
measure of heat acclimatization.
Edholm, Adam, and Fox (10) studied the effects of
work, in cool and hot environments, on pulse rate and body
temperature. Sixteen subjects, divided into two groups of
eight, worked daily for four hours in cool conditions for
two weeks and then on one day in a hot environment for
acclimatization. Thereafter, both groups continued daily
work, one in hot conditions, the other in cool conditions,
for a period of twelve days. In the hot environment the
dry bulb was 96 degrees F, the wet bulb 89 degrees F and
air movement 25 cm/second. In the cool conditions, the
dry bulb temperature was 50 degrees F, the wet bulb 46
degrees F, and air movement 25 cm/second. On first exposure
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to heat, post-work body temperature and pulse rate were
greater than in the cool conditions* In the cool environment
post-work pulse rate and body temperature remained relatively
constant after the first week. After some acclimatization,
pulse rates in the heat were higher than those observed in
the cool conditions, but body temperatures fell to the same
value observed in the cool conditions.
Pimay, Deroanne, and Petit (22) measured the
maximal oxygen consumption in a hot environment. A group
of eighteen coal miners walked and ran on an uphill tread
mill. Speed was increased by two km/hour every two minutes
to exhaustion. They performed the exhausting exercise at
the beginning of the thermal exposure. No marked differ
ences were noted between maximal oxygen consumption under
the hot environment and under normal conditions. A group
of eight students performed the same exercise after pro
longed exposure to heat. Previous thermal stress was found
to reduce the maximal oxygen consumption by 25 per cent
of the value measured under noimal conditions. Maximal
heart rate was affected only slightly by climate.
Buskirk and Bass (?) found that working in a hot
room daily for two to four hours for seven to ten days
dramatically improved an athelete*s ability to function
in the heat. Performances which had been reduced 50 per
cent on the first day in the heat were improved almost to

10

level attainable In cool weather. Heat acclimatization,
once attained, is retained for one to two weeks without
further heat exposure. Garden, Wilson, and Rasch (13)
tested thirty-eight young adult males after they were
acclimatized to heat in a hot-wet environment. The subjects
were divided into three groups. Group I walked on a motordriven treadmill for 30 minutes and rested 10, Group II
walked 50 minutes, rested 10 minutes, walked 30 minutes,
and rested a final 10 minutes. Group III walked 50 minutes,
rested 10 minutes, walked 50 minutes, and rested a final
10 minutes. A modified Balke performance test was admin
istered before heat exposure and at the end of each week.
It was found that daily exposure to heat for 1 2/3 hours
or more for ten days produced acclimatization. It was also
concluded that adaption to hot-wet environments is different
from that to hot-dry environments. In a hot-wet climate, the
eccrine sweat gland continues to produce sweat, resulting
in the depletion of body stores of essential substances.
The lowering of the resting body temperature is a compensa
tory mechanism that allows the acclimatized individual to
work for a longer period in the heat before a critical
temperature is reached. In hot-dry conditions a thermal
equilibrium is reached as evaporative loss compensates for
heat load, but under hot-wet conditions average body
temperature continues to rise during heat exposure.
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Several physiological reactions occur whenever man
works in extreme heat. One of these is dehydration.
Moroff and Bass (21) considered the question of whether
men could work in the heat with less physiological strain
if they drank water excessively. Thirty soldiers were
exercised in a climate chamber on two consecutive days
once with an excess water load and once without. They
walked on a level treadmill at 3*5 miles per hour for 90
minutes, at a temperature of 120 degrees F dry bulb/80
degrees P wet bulb. Each man drank 2,000 ml of water
before the walk on one day and no water on the next day.
During the walks 1,200 ml of water was consumed. With
the excess water the pulse rates and rectal temperatures were
somewhat lower than without. The sweat rate increased
significantly with the excess water. Two matched groups
of six men each were then acclimatized to heat. They
took daily walks of 100 minutes under the same conditions
of the thirty soldiers. One group was over-hydrated and
the other was not during their acclimatization period.
The results show that excess water did not affect the
pattern of heat acclimatization; conversely, heat acclima
tization did not alter the above-described acute response to
overhydration. It was concluded that the excess hydration
was beneficial in that it produced a decrease in the
exercising pulse rate and rectal temperature and an increase
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In the sweat production*
Goldman, Green, and lampietro (15) investigated
the acute effects of a wide range of environmental conditions
on resting men. Groups of ten men were exposed at rest to
51 different hot-wet environmental conditions. Daily
exposure was limited to three hours in the climatic chamber,
preceded by one hour at 80 degrees F with a 50 per cent
relative humidity. When the subjects' rectal temperature
reached 102.5 degrees P or their heart rate reached 180
beats/minute they were removed from the climatic chamber.
It was found that prior acclimatization to work in hot-dry
environments did not result in prolonged tolerance for
resting men exposed to hot-wet environments; neither did
it alter the rates of sweat production, the final skin
temperatures, or the rates of increase in heart rate or
rectal temperature. Besting in hot-wet environments did
not prolong tolerance times or induce other manifestations
of acclimatization to heat during subsequent resting
exposures to hot-wet environments for either unacclimatized
or prior, hot-dry, acclimatized men.
III. TEMPERATURE AND EXERCISE
Recent studies show that there is an increase in
the energy requirements of men living and working in extreme
heat over those in a moderate climate. This increase is
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due primarily to the heat load imposed on the body by solar
radiation and the extreme environmental heat (9)«

Gonsolazio

al. (9) measured the metabolic rate of seven young men
under three strictly controlled levels of temperature;
70 degrees P, 85 degrees ?, and 100 degrees F. The men
performed three levels of physical activity: a) Fairly
heavy activity, equivalent to a metabolic rate between 1.2 1.6 liters of oxygen per minute, b) Moderate activity,
equivalent to a metabolic rate between 0.6 - 0.9 liters
of oxygen per minute, and c) Rest. It was found that as
the environmental temperature increases there is also an
increase in metabolic rate and body temperature of men
performing a fixed activity. The findings indicate that
this increase is not due to acclimatization or training.
In the heat, clothing provides protection against
radiant and convective heat gain from the environment.
Clothing that permits considerable ventilation and is vapor
permeable appears to be the most desirable. Henschel and
Hanson (1?) investigated the role of radiation, clothing
and energy expenditure in the total load imposed on men
in a desert environment. Eight basic combinations of conditions
were studied. The environmental conditions during the
hours of exposure were air temperature which rmiged from
96 to 108 degrees Pj humidity ranged from 9 to 44 per cent;
wind ranged from 3 to 14 miles per hour; and solar radiation
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ranged from 762 to 9^4 cal/m /hour. Work consisted of
walking two hours over desert terrain at three miles per
hour. Clothed and nude body weights were measured at the
beginning and at the end of each two hour test period. The
results showed that exposure to the sun significantly
Increases the sweat production and sweat evaporation.
Pulse rates and rectal temperatures were slightly higher
under all conditions when the men were exposed to the sun.
A significant decrease in sweat production and sweat
evaporation occurred with the donning of clothing except
for the work-shade condition which approached significance.
When clothing was worn, pulse rates and rectal temperatures
were not significantly lower. The effect of work signifi
cantly increased pulse rates, rectal temperatures, sweat
evaporation, and sweat production in all combinations of
sun-versus-shade and nude-versus-clothing conditions.
Increased environmental temperature with exercise
increases the total cardiac output; however, exposure to the
heat without exercise is accompanied by a decreased cardiac
output. Maxfield and Brouha (19) conducted two series of
experiments for the validity of the use of heart rate
measurements for assessing the physiological strain in
normal and warm environments. The experiments were per
formed in a climatic room with a constant environment.
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72 degrees F dry bulb and 53 per cent relative humidity.
Each experiment Involved a 15 to 20 minute rest period,
a 15 minute work period, and a recovery period. Work
consisted of pedalling a bicycle ergometer at 60 revolu
tions per minute or walking on a treadmill at 3*2 miles
per hour. One group was to refrain from eating or drinking
coffee and to limit physical activity as much as possible
during the two hours proceeding an experiment. There were
no restrictions on the other group. The results showed
that when repetitive work of constant rate and duration was
performed in various environments, the total cardiac cost
increased progressively as the heat stress increased. In a
constant environment it varied with the work accomplished
in a given time and, for a constant work performance, it
varied with the severity of the conditions. It also showed
that recovery pulse rates provide a simple measurement of
the degree of cardiac strain induced by work in any
environment.
Working under hot environmental conditions may
cause an increase in body temperature, an Increase in the
pulse rate, aind a decrease in performance. Good physical
performance is essential to fire fighting since the perfor
mance may determine how soon a fire can be controlled.

16

IV. BADIANT HEAT
In considering the effects of environmental stresses
on man one must consider the added effects of radiant
heat. Glafka (14) determined specific and differential
effects of hot-dry and radiant heat on physiological
strains produced during submaximal work. Four volunteer,
unacclimatized subjects worked in a heat chamber for 50
minutes. Four 250 ¥ infrared lamps were utilized as the
radiant heat source. The work task consisted of stepping
up and down a step, approximately 21 centimeters in height,
to a cadence of 22.5 steps per minute for five minutes.
At the end of the five minutes, pulse rate and rectal
temperature were teiken, then work resimed immediately.
The test continued for 50 minutes or until the subject's
pulse rate reached 160 beats per minute or the rectal
temperature reached 102.5 degrees P. The five environmental
conditions in which the subjects were tested were room
temperature, 90 degrees F, 90 degrees F plus radiant heat,
110 degrees F, and 110 degrees F plus radiant heat. The
results indicated that in both instances of added radiant
heat, there was a higher physiological strain with decreased
work capacity as compared to the strain in the ambient
conditions. All subjects completed the work task of 50
minutes in the 110 degrees F environment; however, they
could only work for 40 minutes in the 110 degree F plus
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radiant heat situation before attaining the 180 heart
rate criterion.
In considering the effects of radiant heat, one
must consider the indexes for evaluating radiant heat.
Minard, Belding, and Kingston (20) considered the heat
stress index (HSI) of Belding and Hatch and the wet bulb
globe temperature (WBGT) index of Yaglou. In training of
Marine Corps recruits for 10 weeks in 1955 and 12 weeks
in 1956, the WBGT index was found to provide more reliable
criteria of climatic heat stresses than the HSI index
which is based only on temperature and humidity. The
WBGT index is based on the important physical factors of
the thermal environment. The WBGT index was adopted at
the Marine Corps Recruit Depot, Parris Island, South
Carolina. A significant reduction of heat casualties was
noted among the recruits in the summer of 1956, although it
was hotter than the summer of 1955 when WBGT criteria were
not in use.
Glafka (14) related physiological responses and
diminished work capacity to the HSI and the WBGT indexes
in his study. The HSI index was found applicable to the
ambient conditions only. It was concluded that the WBGT
index was far superior to the HSI index for fire line data
collection because of its applicability for use with the
range of radiant temperatures which are encountered in
fire fighting.

CHAPTER III
PROCEDURE
I. SUBJECTS
Thirteen young men from the Nine Mile Hot Shot
Crew stationed at the Nine Mile Ranger Station, Huson,
Montana were Involved in the study. The Nine Mile Hot
Shot Crew is a group of young men who are experienced
firefighters. The subjects' height had a range of 66-76
inches, their weight ranged from 16O-26O pounds, and their
ages ranged from 18-25 years. The individual character
istics of the subjects along with mean values appear in
Table I. According to the physical fitness test that the
subjects took, their maximum oxygen consumption ranged
from 35»^2-58.08 ml/kg/min. The maximum working capacity
can best be measured by the maximum oxygen consumption (8).
The subjects' maximum oxygen consumption along with mean
values appears in Table II.
II. EQUIPMENT
All major articles of testing equipment are described
below.
Black bulb thermometer. A black bulb thermometer
was constructed from a six-inch copper sphere, a one-hole
18

rubber stopper and a mercury Fahrenheit thermometer. The
stopper with the thermometer inserted into it was inserted
into the blackened copper sphere. The airtight black
globe thermometer registers the radiant heat. The black
globe thermometer was placed in an unshaded position
adjacent to the working firefighters.
Dry bulb thermometer. It is a standard Fahrenheit
thermometer. The dry bulb thermometer was used to measure
the air temperature.
Wet bulb thermometer. It is a standard mercury-inglass Fahrenheit thermometer with a moist wick surrounding
the bulb. The wet bulb reading is the same as the corres
ponding dry bulb only when the atmosphere is saturated
with water vapor (100 per cent relative hiamidity). As
relative humidity decreases, an increasing depression of
the wet bulb below the dry bulb reading occurs as a
result of evaporative cooling of the wet bulb (20). A
fan was used to move air over the wet bulb thermometer.
The wet bulb thermometer was placed in a shaded outdoor
position adjacent to the working firefighters.
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TABLE I
PHYSICAL CHARACTERISTICS OP SUBJECTS

Subject

Height
Inches

Weight
Pounds

Age
Years

L. G.
B. M.
H. H.
B. M.
B. K.
P. U.
J. E.
R. P.
H. H.
J. F »
G. J.
E. W.
R. M.

76
68
72
71
66
76
71
72
70
70
72
70
71

260
160
173
166
166
196
167
220
164
185
223
169
180

19
19
21
19
20
22
25
21
18
25
18
19
20

Means

71.15

186.84

20.46

21

TABLE II
POST-EXERCISE PULSE RATE M B FITNESS INDEX OF SUBJECTS

Post-

Maximum

Physical

Exercise

VO2

Fitness

Pulse Rate

ml/kg/mln

Index

L. G.
B. M.
R. H.
B. M.
B. K.
P. U.
J. E.
R. p.
R. H.
J. F.
G t J•
E. W.
R. M.

162
136
116
100
132
122
156
1#
136
140
146
144
116

35.42
42.90
50.82
58.08
44.44
47.74
37.62
42.26
42.90
41.58
39.82
40.48
50.82

Fair
Good
Excellent
Superior
Good
Very Good
Fair
Good
Good
Good
Fair
Good
Excellent

Means

135

4-4.22

Good

Subject
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III. PHYSIOLOGICAL MEASUBEMENTS
The pulse rate was selected as the appropriate
measure of physiological strain. Maifleld and Brouha (19)
concluded that the recovery pulse rate may be used as a
measurement of cardiac strain where time and the equipment
for continuous recording of heart rate are often not
available for use in the field. Glafka (14) suggested
that the pulse rate was the most predictable measure of
the physiological strain produced in man working in hotdry environments.
During the period observed, pulse rate was taken
manually at the carotid artery of the subject by the data
collector for a period of 15 seconds. This rate was
taken and then multiplied by four and this value was then
recorded as the pulse rate per minute. The working
pulse rate was taken as near as possible to 15 seconds
after the subject had stopped working. At no time were
the subjects under any real pressure or extremely hot
conditions during the period observed.
IV. PHYSICAL FITNESS TEST
The physical fitness testing of the Nine Mile
Hot Shot Crew began at 0830, June 30, 1969 and was finished
at 1130 the same morning. The subject was brought into a
room and rested before he started the test. The subject

removed any heavy clothing and "boots. The procedure was
explained and demonstrated before the subject took the
test. The test consisted of stepping up and down a wooden
step approximately 15 3/4 Inches (40 cm.) In height at a
cadence of 90 beats per minute, or 22.5 steps per minute
for five minutes. The subject changed the leading foot
by marking time for one beat of the timing device. When
five minutes of exercise had been completed, the subject
was instructed to sit down. The pulse was taken between
15 and 30 seconds after terminating the exercise. The
pulse rate was counted for 15 seconds, then multiplied
by four and this value then recorded as the pulse rate
per minute. The fitness level was found by using the
Forest Service physical fitness calculator (23). The
subject's body weight was found in the body weight column,
then his post-exercise pulse rate was found in the postexercise pulse rate column and this gave his predicted
maximum oxygen consumption in ml/lb/min. His predicted
maximum oxygen consumption was then read to the nearest
year of age (Appendix A). His predicted maximum oxygen
conaumption was then multiplied by 2.2 to get his maximum
oxygen consumption in ml/kg/mln. (Table II).
V. THE FIRES
The fires were fought in the months of July,
August, and September, I969. They were located in the
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Lolo and the Roosevelt National Forests. The fires reported
in this paper were picked because they represented the high
and low extremes of the thermal working conditions during
the period observed. The fire data along with the WBGT
values and the working pulse rates of the subjects appear
as Appendices C, D, E, P, and G. The slope of the terrain
that was given on the fires was 6 per cent and 40 per cent.
The radiant heat temperatures ranged from 60-155 degrees F
while the subjects were working on the fires.
VI. EXPERIMENTAL SCHEDULE AND PROCEDURE
In August of 1968, a study was undertaken to
collect fire line data. However, due to environmental
factors in the field, only limited data were collected.
The above pilot study led to the present investigation
which began in July of I969 and extended into September.
Data were collected whenever the data collector was noti
fied of a fire that the Nine Mile Hot Shot Crew was called
to fight. Once they reached the fire, the dry bulb ther
mometer, the wet bulb thermometer, and the globe thermometer
were positioned adjacent to the firefighters while they
went about their tasks. At approximately one-half hour
to one hour, the firefighters stopped work long enough for
the pulse rate to be recorded. Only the pulse rates
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of three to four men could be taken accurately at a given
time. After the pulse rates were recorded the firefighters
resumed work. The test continued until the end of the day
or until the firefighters received word that they were no
longer needed on the fire.
The actual plans called for significant fire line
data. All information, including the name of the fire,
region, National Forest, elevation, recorder of data, time
of day, wet bulb temperature, dry bulb temperature, globe
temperature, WBGT index values, per cent of slope, per
cent of the fire line grade, aspect of the job,fuel (type,
rate of spread, and resistance to contour), work task,
production (the width of the clearing area, length of the
fire line, and the width of the fire line), density of the
smoke, pulse rate, recovery pulse rate, recovery time,
perceived exertion rating, hours the subjects slept,
meals (time of day and menu), number of days on project,
number of hours on project, weight, and the water intake
of the subject was recorded on a standardized data sheet
prepared by the United States Forest Service Equipment
Development Center for the purpose of this study (see
Appendix B).
Perceived exertion was measured with a rating
scale constructed by Borg for assessing degree of exertion
during physical work. Perceived exertion was graded in 21
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steps, the odd step values from 3 to 19 being defined by
the termsI

3 extremely light, 5 very light, 7 light, 9

fairly light, 11 neither light nor laborious, 13 fairly
laborious, 15 laborious, 1? very laborious, and 19
extremely laborious (11). However, for the use of this
study the word difficult was substituted for the word
laborious.
The work task for the subjects involved mostly
mopping-up after the fire had been extinguished. Mop-up
does not, for the most part, involve working under extremely
hot conditions nor does it involve a great amount of
physical effort.

CHAPTER IV
ANALYSIS AND DISCUSSION OF RESULTS
I. ANALYSIS OF DATA
Due to lack of sufficient data the results of
this study could not be evaluated. The recorded data
and the results from the use of the WBGT index are
presented in Appendices C, D, S, F, and G. In computing
these values, the wet bulb temperature was multiplied by
0.7, the dry bulb temperature was multiplied by 0.1, and
the globe temperature was multiplied by 0.2. Results
from these multiplications were then added together for
the WBGT value. Few high WBGT values were measured
during the period observed. The highest WBGT value re
corded was 86.9 which occurred on the Paradise Fire. This
is not above the limit of 87.9 advised by Minard, Belding,
and Kingston (20) to be safe for vigorous training activi
ties; however, a pulse rate of 180 beats per minute was
reached, which is the limit discussed by Consolazio,
Johnson, and Peoora (8) and Goldman, Green, and lampietro
(15) to be the physiological limit within which man can
work efficiently.
Any effects radiant heat might have had on pulse
rates are inconclusive. On July 15» 1969 the lowest
reading of radiant heat temperature was associated with
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the higher pulse rates, and on August 13, the higher
radiant heat temperatures were associated with the lower
pulse rates except for the subject R. P. (Appendices C
and P). Then on September 10, higher radiant heat temper
atures, generally, corresponded with higher pulse rates.
A high globe temperature reading of 155 was associated
with the higher pulse rates of all the subjects except
the subject H. H. whose pulse rate decreased. The lowest
globe temperature taken that day resulted in the lowest
pulse rates as well, except for the subject B. M.
(Appendix G).
Pulse rates generally agree with the perceived
exertion score. On July 25, 1969 the 50.6 WBGT values
were associated with pulse rates of 112-148 with a work
effort rate of 13*

On July 16, with little or no work

effort, higher WBGT values (59*9-68.6) were associated
with lower pulse rates of 82-140 beats per minute. On
the fires where no perceived exertion was given the WBGT
values did not seem to relate to the pulse rates.
The recovery pulse rates seemed to relate to the
physical fitness of the individuals. Subject P. U. had
a physical fitness index of very good as compared to good
for the other subjects tested. The subject with the higher
fitness index recovered faster than the other subjects
(Appendix E).
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II. DISCUSSION OF RESULTS
Generally, the more sustained the effort, the higher
the pulse rate increases, even with lower WBGT values. The
data In this study did not Indicate any extreme sustained
work effort. The slope of the terrain, where little or no
perceived exertion scores were recorded, was six per cent
with no fire line grade recorded. On the fire where the
firefighters had a perceived exertion of 13» the fire line
grade was 35 per cent but no slope of the terrain was
recorded. The pulse rates were higher where the terrain
was at a higher incline. This would indicate that the
type of conditions that the firefighters worked with,
such as the slope or fire line grade, could be the reason
for increased pulse rates as well as the amount of work
effort being put forth. According to Buskirk and Bass (7)
and Consolazlo, Johnson, and Pecora (8) many other factors
such as the environmental heat, metabolic heat, and muscular
work could also cause the pulse rate to increase.
The WBGT values were not high enough to have any
effect on performance. Only once did any subject's pulse
rate attain the criterion of 180 beats per minute discussed
by a number of investigators (8, 14, 15, 18). The WBGT
value of 86.9 that was associated with the 180 pulse rate
did not attain the maximum limit set down by other investi
gators (14, 20). The WBGT index results are related to the

pulse rates of the subjects In Appendices H, I, J, K, and L.
There are no close relationships between the WBGT index
values and the pulse rates.
It is generally suggested that higher radiant heat
temperatures produce greater physiological strain than do
the lower radiant heat temperatures. In this study it
might be suggested that higher radiant temperatures do not
cause an increase in physiological strain; however, constant
prolonged radiant heat exposure generally resulted in
higher pulse rates.
Cardiac strain induced by work can be measured
by recovery pulse rates. It is suggested from this study
that the more physically fit an individual is, the less
cardiac strain he would encounter. This is also supported
by other investigators (8, 19). The pulse rate of an
individual with a higher maximum oxygen consumption re
covered faster than for the Individuals with a lower
maximum oxygen consumption. Consolazio, Johnson, and
Pecora (8) compared the reaction of a fit and an unfit
man of the same weight at the same rate of physiological
exertion. It was concluded that for a man with a higher
maximum oxygen consumption, the pulse rate recovered faster
to the resting value after work than it did for the man
with the lower maximum oxygen consumption. It is Important

for a firefighter to be able to tolerate the high environ
mental temperatures since his task involves working near
the fire. As discussed previously, the higher maximum
oxygen consumption a man has, the better his physical
fitness} therefore, it is assumed that he would have a
greater tolerance to heat.
The summer of 1969 was a poor season for fighting
fires. There were low temperature readings and most of
the fire fighting of the Nine Mile Hot Shot Grew Involved
mopping-up on small fires; therefore, low WBGT values
resulted. The poor fire season, as well as inadequate
cooperation and data collection, resulted in inconclusive
data.

CHAPTER V
SUMMARY AND RECOMMENDATIONS
I. SUMMARY
The purpose of this study was to Investigate the
effects of environmental stresses, mainly radiant heat,
on men engaged in submaxlmal work tasks on the fire line;
to relate the working pulse rate to the WBGT valuesj and
to relate maximum oxygen consumption to work capacity of
man in hot environmental conditions. This research was
related to the need of determining what part the environ
mental stresses play on the working capacity of men on a
fire line.
Thirteen young firefighters from the Nine Mile
Hot Shot Crew were Involved in the study. Working on the
fire line was the submaxlmal work task. Recordings of
pulse rates were made approximately every one-half hour
to one hour throughout the period observed. Only three
or four firefighters were observed on any one day. A
rating scale graded in 21 steps was used for assessing
the degree of perceived exertion during physical work.
At no time did the subjects work under extremely hot
conditions.
32

33

Due to lack of information the results of this
study were not tested. Pulse rates generally related to the
perceived exertion scores, and the recovery pulse rates
seemed related to the physical fitness of the individuals.
Any effects radiant heat might have had on performance

were inconclusive, due to the lack of high WBGT values.
There was no relationship between pulse rates and WBGT
index values.
II. BECOMMENDATIONS
The United States Forest Service is extending the
project into the summer of 1970. Smokejumpers from the
Smokejumper Base, Missoula, Montana are being used for the
collection of fire line data; therefore, closer cooperation
and better relationships will hopefully result.
There is still a need to relate a variety of
environmental factors, including smoke, heat, slope,
clothing and others to fire line work capacity. Also,
the relationship of physical fitness to work capacity in
the heat needs further substantiation.

SELECTED BIBLIOGRAPHY

SELECTED BIBLIOGBAPHY
1. Allan, J. R. "The effects of physical training in a
temperate and hot climate on the physiological responses
to heat stress," Ergonomics, 8(1443-453• October, 1965*
2. Belding, H. 8., and T. P. Hatch. "Index for evaluating
heat stress in terms of resulting physiological strains,"
Heating. Piping. and Air Conditioning, 129-136,
August, 1955'
3. Bell, C. a., R. F. Hellon, H. W. Hioms, P. B. Nlcol,
and K. A. Provins. "Safe exposure of men to severe
heat," Journal of Applied Physiology, 20(2)i288-292,
March, -mr,
4.

, and J. D. Walters, "Reactions of men working
in hot and humid conditions," Journal of Applied
Physiology, 27(5)168^-686, November, 1*5^9.

5. Brouha, Lucien, Mary E. Maxfleld, Paul E. Smith Jr.,
and Gordon J. Stopps. "Discrepancy between heart
rate and oxygen consumption during work in the warmth,"
Journal of Applied Physiology. 18(6)i1095-1098,
November, 1963.
6.

, Paul E. Smith, and Mary E. Maxfleld. "Heat
strëss and the industrial work," The Merlcyi Society
of Mechanical Engineering, 59-A-213;57-59, June, I960.

7. Busklrk, Elsworth R. and David E. Bass. "Climate and
exercise," Science and Medicine of Exercise and Sports,
edited by Warren R. Johnson. New York: Harper and
Brothers, I960.
8. Consolazlo, C. Frank, Robert E. Johnson, and Louis J.
Pecora. Physiological Measurements of Metabolic
Functions in Man. New Yorki McGraw-Hill Book Company,
Inc., 1963.
9*

, LeRoy 0. Matoush, Richard A. Nelson, Juan B.
Torres, and Gerhard J. Isaac. "Environmental
temperature and energy expenditures," Journal of
Applied Physiology. 18(1)«65-68, January, 1963»

10. Edholm, 0. G., J. M. Adam, and R. H. Fox. "The effects
of work in cool and hot conditions on pulse rate and body
temperature," Ergonomics. 5(4):545-556, October, 1962.

36

11. Prankenhaeuser, Marianne, Blrgltta Post, Bo Nordheden,
and Hans SJoeberg. "Physiological and subjective
reactions to different physical work loads,"
Perceptual and Motor Skills, 28(2):343-349, April,
1959:
12. Garden, John W. "Plasma and sweat histamine concen
trations after heat exposure and physical exercise,"
Journal of Applied Physiology, 21(2)1631-635, March,
1966.
13'

» I. Dodd Wilson, and P. J. Rasch. "Acclimati
zation of healthy young adult males to a hot-wet
environment," Journal of Applied Physiology, 21(2)»
665-669» March, 1966.

14. Glafka, Robert L. "The added effects of radiant heat
on physiological strains produced In man working In
hot-dry environments," Master of Science thesis.
University of Montana, 1967.
15»

Goldman, Ralph P., Edward B. Green, and P. F. lampletro.
"Tolerance of hot, wet environments by resting men,"
Journal of Applied Physiology, 20(2)1271-277» March,
1965.

16. Grose, Joel E. "Depression of muscle fatigue curves
by heat and cold," Research Quarterly. 29(l)i19-31»
March, 1958.
17. Henschel, Austin and H. E. Hanson. "Heat stress In a
desert environment," The ^erlcan Society of Mechanical
Engineering. 59-A-210:59-60, June, I960.
18. lampletro, P. P. and R. P. Goldman. "Tolerance of men
working In hot, humid environments," Journal of
Applied Physiology, 20(1):73-76, January, 19637
19#

Maxfleld, Mary E. and Lucien Brouha. "Validity of
heart rate as an Indicator of cardiac strain,"
Journal of Applied Physiology, 18(6)11099-110^1-,
November, 1965.

20. Mlnard, David, Harwood 8. Beldlng, and James R. Kingston.
"Prevention of heat casualties," The Joiyrnal of the
American Medical Association, 165(14)11813-18Î5,
December 7» 1957»
21. Moroff, Saul V. and David E. Bass. "Effects of
overhydration on man* s physiological responses to work
in the heat," Journal of Applied Physiology, 20(2)1
267-270, March, 1965.

37

22. PImay, P., R. Deroanne, and J. M. Petit. "Mazlmal
oxygen consumption In a hot environment," Joiimal of
Applied Physiology. 28(5)i642-6^5i May, 19731
23»

Sharkey, Brian J. "Physical fitness in the Forest
Service," Jom^al of Health, Physical Education.
Recreation, 39(9)i^-^5. November-December, 1968.

24. Snellen, J. W. "The heat stress in brick-kiln workers,"
Ergonomics, 5(3):453-465, July, 1962.
23. Strydom, N. B. and C. G. Williams. "Effect of physical
conditioning on state of heat acclimatization of
Bantu laborers," Journal of Applied Physiology,
27(2)J 262-265, August, 19ÏÏ9.
26.

, C. H. Wyndham, C. G. Williams, J. F. Morrison,
G. A. G. Bredell, A. J. S. Benade, and M. Von Rahden,
"Acclimatization to humid heat and the rold of physical
conditioning," Journal of Applied Physiology, 21(2)t
636-6^2, March, 1966.

27. Ulrich, Celeste. "Stress and sport," Science and
Medicine of Exercise and Sports, edited by Warren
H. Johnson. New York: Harper and Brothers, i960.
28. Wells, George. "The effect of external temperature
changes on blood pressure, physical efficiency,
respiration, and body temperature," Research Quarterly,
4(1),162-176, March, 1933.

APPENDIX

S S a s S
8. 33

H:

K
W

;8

> z

11

O»

sj

K
r

5. 02

fO
N

0H n

5. 32

41 <m •4

W

4. 62

Oi

;
Ul

W

o

.«

.8

K

Si

Si

Si

8 P
O

«b

h>

5

F 5
M

0»

?«g

=
lO

•
?
o
=
Jb

F

(p

SUPERIOR

1»

û
lO

F

o>

g
M

EXCELLENT

.8
VERY GOOD
W

K ; =

ro

M

=

.8 K

NEAREST
AGE

GOOD

FAIR

P

a

1I
5

POOR

» VERY POOR

POST EXERCISE PULSE RATE

8 3 8 3 8 8 6 8 8 3 3
I I I I I I I I I I I I I I I I I I L I I
a S S Î3 S K ^ u K pi ë ? » s??? 5 S js ;
— a>fo —

mo

FITNESS INDEX

1°
VjO
VO

APPENDIX B
FIREFIGHTERS PHYSIOLOGICAL STUDY
FIRE NAME

REGION
W R c; T

TIME

FOREST

ELEVATION
TASK

ASPECT

RECORDER
SMOKE

«•.OK roriAL

INAME)

(AMI

CN.AME)

SHEET
H.

(NAMÏ1

RULlREC

REC

|pui_

/o

o

1
1

!

1

i

i
j
1t
1

-

—

—

-

- -

-

—

-

—

i

!

1

i
1
1
U. S. FOREST SERVICE EQUIPMENT DEVELOPMENT CENTER,
MiSSOUCA. MONTANA

APPENDIX B, GON'T.
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APPENDIX C
COMPUTED WBGT INDEX VALUES AND WORKING PULSE RATES
Neman Ridge Fire

Lolo National Forest

Date - July 15» 1969

Time

Wet
Bulb

Dry
Bulb

Globe
Temperature

1320

52

72

72

58.0

160

160

140

1355

59

89

80

66.2

140

128

130

1425

50

66

75

56 »6

129

Asleep

125

WBGT
G. J.
Values Pulse Rate

J• F »
Pulse Rate

J. E.
Pulse Rate

No work effort was given. The slope was ^0 per cent. No fire line grade was
given.

APPENDIX D

COMPUTED W3GT INDEX VALUES AND WORKING PULSE HATES
Lolo National Forest

Newman Ridge Pire

Time

Wet Dry
Globe
Bulb Bulb Temperature

WBGT
B.M.
Values Pulse Rate

Date - July l6, I969

B.M.
Pulse Rate

R. M.
Pulse Rate

1055

52

65

85

59.9

82

110

108

1025

57

74

88

64.9

100

100

108

1155

56

68

88

63.6

100

100

108

1300

56

82

85

64.4

84

100

140

1330

58

80

100

6b.6

80

128

112

1400

56

88

100

68.0

80

100

140

1430

58

80

100

68.6

89

114

120

There was very little or no work effort made due to the situation. The
slope was six per cent. No fire line grade was given. The dry bulb was
shaded by the globe thermometer at 1330 and 1430.
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APPENDIX E

COMPUTED WBGT INDEX VALUES AND WORKING PULSE BATES
Newman Ridge Fire

Wet
Time Bulb

Lolo National Forest

Date - July 25» 1969

Dry
Bulb

Globe
Temperature

WBGT
Values

R. P.
Pulse Rate

E. W.
Pulse Bate

P. U.
Pulse Rate

2250

46

64

60

50.6

122

148

128

2300

46

64

60

50.6

128

112

148

2400

46

70

66

52.4

100

Recovery Pulse Rates
112
77

The work effort rate was rated 13 for each subject. The fire line grade
was 35 per cent. No slope of the terrain was given.

APPENDIX F
COMPUTED WBGT INDEX VALUES AND WORKING PULSE RATES
Tunnel Creek Fire

Roosevelt National Forest

Date - August 13» 1969

Time

Wet
Bulb

DryBulb

Globe
Temperature

1330

53

69

100

64.0

80

108

68

104

1400

53

69

90

62.0

Rest

Rest

80

88

1500

53

69

95

63.0

96

148

88

92

WBGT
Values

B. H.
Pulse Hate

J. E.
Pulse Rate

B. K.
Pulse Rate

H. P.
Pulse Rate

No work effort rate was given. No slope or fire line grade was given.
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APPENDIX G

COMPUTED WBGT INDEX VALUES AND WORKING PULSE RATES
Paradise Pire

Lolo National Forest

Globe
Temperature

WBGT
Values

Date - September 10, 1969

B. M.
Pulse Rate

B. M.
Pulse Rate

R. H.
Pulse Rate

84

96

80

104

72.9

96

100

96

84

115

77.2

96

108

80

108

94

115

77.2

104

Unavailable

80

116

97

155

86.9

180

80

148

Time

Wet
Bulb

Dry
Bulb

1100

59

81

90

67.4

1340

61

92

105

1450

64

94

1520

64

1600

66

L. G.
Pulse Rate

Asleep

No work effort rate was given. No slope or fire line grade was given.

APPENDIX H
WBGT INDEX RESULTS RELATED TO THE PULSE
RATE IN JULY 15. 1969 FIRE
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APPENDIX I
WBGT INDEX RESULTS RELATED TO THE PULSE
RATE IN JULY l6, 1969 FIRE
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APPENDIX J
WBGT INDEX RESULTS RELATED TO THE PULSE
RATE IN JULY 25, 1969 FIRE
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APPENDIX K
WBGT INDEX RESULTS RELATED TO THE PULSE
RATE IN AUGUST 13, 1969 FIRE
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